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Abstract 
This paper discusses the manufacturing process of rotor radial turbo-expanders for small Organic Rankine Cycle systems using 
additive manufacturing machine Selective Laser Melting (SLM) machine. The process manufacturing consists of data 
preparation, build job process, and process finishing product. Data preparations are include material preparations, build data 
preparation using software 3D design Solidworks, support management with software magics and additive manufacturing 
software with Autofab for build job process on SLM machine. The results shows rotor with material Aluminum Silicon Powder 
(AlSi) can be made with either the appropriate geometry design within 5 hours with total cost for the whole processing is up to 11 
milion IDR. 
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1. Introduction 
The demand for power generation equipment and apparatus such as turbomachinery system, steam and gas 
turbine is rapidly growing due to the increasing worldwide requirement for energy and mobility. Interest of low 
grade heat recovery application increased dramatically in the last decade with increasing environmental problems 
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such as air pollution, global warming, ozone layer depletion and acid rain caused by the acceleration of fossil fuel 
consumption[1]. A number of solutions have been proposed recently for the power generation is sourced produce 
heat at a low temperature and pressure, and has been proven to be applicable in various fields such as solar thermal 
power, biological waste heat, engine exhaust gases, and domestic boilers. Among the solutions offered, for the 
present system of Organic Rankine Cycle (ORC) is the most widely studied. ORC has at least two advantages, 
namely as a power generating system, the ORC has a simple component and availability of the components are 
pretty much on the market. Furthermore, ORC is also using an organic working fluid that has performed better than 
water as the working fluid at temperature and low pressure[2]. 
Technology in manufacturing is growing very rapidly in the last few years. Selective Laser Melting (SLM) 
machine is an advanced additive manufacturing machine [3]. An infrared laser beam is focused on a thin layer of 
metalic powder and selectively deflected in order to scan the cross-section of the parts so it is used in industrial to 
produce parts with a level of complexity and precision [4][5]. SLM machines are capable of doing the forms that 
may not be done bystandard industrialmachine such as CNC (Computer Numerical Control) machineas it comes by 
driving controls that can be governed by a common standard program or code [6].Fig. 1 shows optical setup in SLM 
machine and SLM280HL machine.Fig. 1 shows component of SLM machine such as safety glass (1), manual trigger 
for fire extinguisher (2), emergency STOP button (3), process chamber door switch (4), monitor for running process 
on windows desktop (5), chamber room (6), and laser control (7). Fig. 2 shows process solidification on SLM 
machine and Laser Metal Deposition (LDM). 
   
 (a) (b) 
Fig.. 1. (a) Optical setup [5]; (b) SLM 280HL Machine 
Process manufacturing of radial turbine for Organic Rankine Cycle system using SLM Machine is very important 
to produce optimal performance, complex geometry, shapes, hollow spaces, and undercuts through accuracy 
between the design with the result of production. In this paper will be discussed regarding the development of radial 
turbine using SLM machine, especially in process manufacture on software programs build in SLM machine. The 
process manufacture consists of data preparation, build job process, and process finishing product. Data preparations 
are include material preparations, build data preparation using software 3D design (solidworks), Support 
Management (software magics) and Additive Manufacturing (AM) software Autofab for build job process on SLM 
machine[7]. Fig.4 shows model 3D design geometry of radial rotor turbo-expander for small ORC systems and 
model rotor with support geometry on Autofab software to generate running laser path SLM machine. 
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Fig.. 2. Additive Manufacturing by SLM and LMD [8] 
2. Process set up and procedure 
The process manufacture carried out on adaptive manufacturing rapid prototyping 3D printing by SLM 280HL. 
The specifications of the machine are shown on Table 1. Fig. 3 shows the flow chart of process manufacture of rotor 
radial turbo-expander using SLM machine. 
 
 
Fig.. 3. Flow chart process manufacture radial rotor turbo-expander for small ORC systems [9] 
 
Table 1. Machine specification 
Parameter Value 
Model SLM 280 HL (Germany) 
Type Selective Laser Melting Machine 
Build volume 280 x 280 x 350 
Fibre laser 400 W and 1,000 W 
Focal point 81 μm / 750 μm 
Layer thickness  20 μm – 150 μm 
Build speed  20 cm3 /h 
Heating unit Up to 2,000°C 
Inert gas Argon 4.6 – 5 avg. 3 l/min  
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3. Process manufacture 
The process data preparation calculation result in Table 2 shows that the total part volume 0.167 kg, support 
volume 0.033 kg and the total number of layer 900, but otherwise the total cost for running process manufacture is 
11 million IDR. These results affirm the previous research result in. These results also can be analyzed with AutoFab 
MarCAM software for additive manufacture SLM, the other calculation result data in Fig.4. 
 
   
 (a) (b) 
Fig. 4. (a)Geometry radial rotor turbo-expander for small ORC systems and; (b) model rotor with support geometry on Autofab software for 
generate running laser path SLM machine [9] 
 
Fig.. 5. Cost calculation process manufacture using AutoFab MarCAM  
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Table 2. Result Data Preparation from Magics and AutoFab software 
Parameter Value 
Layer 900 
Build time 4 hours 56 minute 24 second 
Part volume 62.13 ccm (0.167 kg) 
Support volume 12.55 ccm (0.033 kg) 
Contour speed  0.50 m/s 
Support speed  1.00 m/s 
Hatch speed 0.93 m/s 
Total cost 11,297,600 IDR (1 euro =16,000) 
 
 
Fig.. 6. Process manufacture result using selective laser melting before finishing sand and micro blasting  
Process data preparation using Magics 14 and AutoFab software, after that start up the software SLM AutoFab 
MarCAM and determine the overdosing factor. Fig. 7 shows the Over Dosing Factor (ODF) for 0 to 100% additional 
material. The maximal area of exposure in direction of the recoater movement (y) is automatically calculated for 
every layer by the AutoFab. Usually an ODF of 1.50 for 50% excess material is recommended. If more or less 
powder shall be deposited depending on the material used because areas are not fully recoated or overflows fill up 
too quickly the lower or higher values from tables are to be selected. The next process is preparation on machine and 
running machine. Preparation on machine consist filling metal powder, mount substrate plate, align substrate plate, 
cleaning the F-theta safety glass.  
In build process, make sure that all preparatory activities have been carried out properly and start build process. 
After completion of the build process (the completion of a job can take a few hours or days depending on the size), 
the parts can be removed from the build chamber together with the substrate plate (Fig. 6). The metal powder 
collected by the two overflows can be re-used for future build process. However, particles which contaminate the 
metal powder can accumulate during production process. Therefore, the metal powder must be prepared before re-
use in an optional screening system with seeving unit. 
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Fig. 7. Parameter for over dosing factor with small groves recoater [10] 
4. Conclusion 
This paper gave an overview of advanced manufacturing through the implementation of manufacture rotor radial 
turbo-expander using SLM machine. The process manufactures are used to considerably enhance advantages and to 
minimize potential disadvantages found in CNC machine. Within SLM production processes different forms of 
energy cause in different ways are used at the same time at the same zone of impact. The results shows rotor with 
material Aluminum Silicon Powder (AlSi) can be made with either the appropriate geometry design within 5 hours 
with total cost for the whole processing is up to 11 milion IDR. 
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